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ANALYSIS OF THE VIERENDEEL GIRDER BY 
BALANCING THE PANEL MOMENTS 


A. T. Diwan, A.M. ASCE! 


SYNOPSIS 


A special type of panel displacement which produces moments in the chords 
of the distorted panel only and no else where in the Vierendeel is developed. 
This enables the analysis to be done by successive operations of joint rota- 
tions and special panel displacements, by which the moments in the joints and 
in the panels are successively balanced. 


INTRODUCTION 


The Vierendeel girder is usually regarded as one of the highly redundant 
constructions, for which the analysis by the classical methods necessitates 
the solution of 3n equations of continuity where n is the number of panels in 
the girder. This in fact limits the practical possibility of using the classical 
methods successfully for the analysis of the Vierendeel girder, and the de- 
signer readily welcomes any other method of analysis in which these simulta- 
neous equations can be avoided. In a previous work the author developed an 
exact solution for the Vierendeel and other similar systems, of successive 
panels, using a new concept of “Equivalent Elastic Panels.”2 In that method 
the Vierendeel is reduced to an equivalent system of “Virtual” panels and the 
analysis is directly made without the use of simultaneous equations. 

In this paper, a relaxation method for the analysis of the Vierendeel girder 
using a special type of panel displacement is presented. 

The difficulty in using the moment distribution method originally developed 
by Prof. H. Cross for the analysis of the Vierendeel has so far been in the 
fact the joints of the girder undergo certain displacements as well as rota- 
tions before the final loaded position is taken. 

To allow for the joint translations in the case of a Vierendeel with parallel 
chords is in fact quite simple, since any relative vertical translation may be 
imposed on the vertical sides of any panel without producing moments except 
in the chords of that panel. In the general case of the Vierendeel with non- 
parallel chords such a relative upward or downward translation in the vertical 
side of any panel is accompanied by a horizontal displacement in the top joints 
which sets up heavy moments in the vertical members. If, however, this 
translation is associated with some joint rotations, a special type of panel 
displacement is obtained which leaves all panels to each side of the displaced 


1. Structural Dept., Faculty of Engineering, Alexandria University, 7 
Alexandria, Egypt. 

2. “Mathematical Analysis of Continuous Arches and Frames Using the 
Principles of Un-loaded Elastic Models” by A. F. Diwan. 
Thesis presented for the degree of Ph.D. at the University of London 1948. 
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panel free from bending moments. This enables us to produce the required 
displacement in any panel without affecting the stresses or the equilibrium of 
other panels. 

By successive operations of joint rotations and special panel displacements, 
all initial fixations on the Vierendeel are gradually relaxed to any required 
degree of accuracy, as will be fully explained hereafter. The application of 
the method to the following cases is illustrated; 


1. B.M.D for any case of loading. 
2. Direct evaluation of influence lines by the Muler Breslau’s principle. 
3. Effect of variable temperature changes, in the Vierendeel. 


The method may be applied to other types of structures and to Vierendeel 
girders with variable cross sections. 


Part1. THEORY 


1. The Special Panel Displacement: 


Fig. (1-a) shows the dimensions and relative stiffness of members for 
panel ABCD in a Vierendeel girder. 

Let joint D be displaced vertically upwards to D without allowing rotation 
in any joint of the panel. If the axial deformation of the members is disre- 
garded; C will move to Cj, fig (1. b), such that: 


DD, =CC' =a.s; =a.b - fig (1.e) 
“a” is any arbitrary constant. 


The moments produced in the panel will be as shown in fig. (1.b). 

If on the other hand, joints C and D are rotated through an angle # = ab; 
with no joint translation, the bending moment produced in the panel will be as 
shown in figure (1.c). 

When the joint translation in fig. (1.b) is associated with the joint rotation 
in fig. (1.c) a type of displacement will result in panel ABCD, as shown in fig- 
ure (1.d), in which bending moments will be set up in the chords AC and BD 
only while the verticals CD and AD remain free from bending moments. In 
fact, the final displacement of the vertical side CD may be regarded as a ver- 
tical upward translation 46 = a.s, plus a rotation of the whole member through 


an angle § = Fp about the new position Dy to which joint D has moved. Such 


a displacement would produce no moments in CD which remains un-distoried. 
All other panels to the right of CD will also remain unstressed. They are 
simply pushed as a rigid body upwards through a distance 6 = a.s; then rotat- 


ed about joint Dj through an angle = : This is shown in figure. (2.a). 


h 
1 
Refering to figure (1.d), the bending moments produced in chords AB and 
BD by the special displacement imposed on panel ABCD are: 


| 


M2C = My = 2kya (3 + 


2b 
M“@ = Mg = 2kya (3 + hy 


= M3 2kga (3 + 


Mg = 2kga (3 + 


Eqns (1) may be written in the form: 


My = (2hy + 
M, = a,k, (hy + 2h 
M, = ak, (2h, +h 
M, = ayky (hy + 2h 


) 
(2) 
In which a, = 
2 


2 
3 
4 


From Equations, (2) it follows that: 
M, :My =M, : M, = (2h, + hy) (h, + 2ho) 
This means that; 
1. Points Gj and Gg, where the bending moment is zero in chords AC and 
BD, will lie on a vertical line G4Go. 
2. Line G1G2 will pass through the centre of the plane area ABCD. 
This easily fixes the ratio of the moments My : Mg or Mg: Mg. 

3. The moments in the top and bottom chords along any vertical section 
are directly proportional to the stiffness ky and ke of the chords. This 
again fixes the ratio My : M3 or Mg : M4. 

Since no bending moments are produced in the vertical members of the 
Vierendeel truss due to the displacement imposed on panel ABCD, no horizon- 
tal forces are set up in chords AC and BD. The external action on the panel 
necessary to produce this displacement will consist of the four moments Mj, 
Mo, Mg and Mg plus two vertical shearing forces V = - 2 M+ S as shown in 
figure (2.b.). 


2. Condition for the Static Equilibrium in the Panel. 


Consider figure (3-a) which shows an intermediate panel in a Vierendeel 
truss under any case of loading. Only the chords AC and BD of panel ABCD 
are shown, the rest of the Vierendeel including the vertical sides AB and CD 
being removed and substituted by its action on the chords at A,B,C and D. The 
moments and forces in figure (3) represent the action of the joints on the 
chords. 

Taking moments at B say, we get for the equilibrium of the panel: 


IM, + 
or 

IM, + Q's - H.b =o (3) 
in which: 


2 Mc = Mj + M2 + M3 + M4 
= sum of the moments applied by the joints on the chords. 
Clockwise moments are positive. 

Q = modified shearing force in panel ABCD, obtained on the assumption 
that the intermediate loads in the panel, if any, are substituted by 
their simple action at the ends of the chord BD. This will not change 
the end reactions in the Vierendeel. Q’ will then be equal to the sum 
of all forces to either side of any intermediate section in the panel, 
and will be constant throughout the panel. Q' is positive when it pro- 
duces clockwise rotation. 

H = horizontal force acting on the top joint of the shorter side of the pan- 
el. It is positive when it acts from left to right. 

H equals the sum of the shearing forces in the vertical members to 
the right of CD in figure (3.a), or to the left of CD in figure 3.b, in- 
cluding CD itself. The shearing force in any vertical member equals 
=M 


Vv 
where: 


h 
2M_ = sum of the two moments applied by the top and bottom joints on the 
vertical member. 
h = length of the vertical member. 
Equation (3) applies also to panel ABCD in figure (3.b). When no intermedi- 
ate loads act between the panel points, equation (3) reduces to: 
2M, =Q.s - H.b=0 (3-a) 


3. Balancing Coefficients for the Moments in the Panel. 
(Fig. 2) 


If the sum YMc of the moments in the chords of the panel does not satisfy 
eqns. (3) or (3.a), the panel is said to be unbalanced. The unbalanced moment 
in the panel will equal to M* where. 

= (IM, + Q's - H.b.) (4) 

To satisfy the panel equilibrium it becomes necessary to reduce the chord 
moments 2M, by an amount equal to M*. This is done by imposing a displace- 
ment similar to that in figure (2) on the panel. The magitude and direction of 
the displacement will depend on the value and sign of the unbalanced moment 
M*. If cs = distance of line GjG2 passing through the centre of the panel sur- 
face from the longer side AB, where s = length BD. 
2h, + ho 
3(hy + hy) 
and (1-c)s = distance of GjG2 from the shorter side CD. 

n = some arbitrary constant. 


Cc = 


then: 


= nek, 


= n(1- c)k, 
M, = nck, 
M, = n(l-c)ky 


IM = n(k, + 
=M 


+k, 


n= 


or 
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For the displacement necessary to balance the panel; 
=- M* 
Therefore: 


The terms 


panel. To balance the panel, the moment - M* is simply distributed on the 
chords according to these coefficients. 


2’ € 4 and & are called the balancing coefficients for the 


4, Proposed Method of Analysis: 


In the final displaced position of the Vierendeel truss under any case of 
loading, the moments produced in the members must satisfy the equilibrium 
condition for all panels and joints. 

For each panel: IM,+Qis-H.b 
For each joint: SM =o (b) 

Starting with condition (a), it is seen that the modified shear value Q' due to 
any particular case of loading, is known for all panels, since the Vierendeel is 
externally statically determinate. In the initial unloaded position of the Vieren- 
deel, with no moments yet produced, 2Mc = H =zero for all panels. The unbal- 
anced moment in each panel is therefor equal to Qs. This moment is distrib- 
uted according to the balancing coefficients €, to €4 between the chords of the 
panel. We notice that such balancing of any panel will not affect other panels 
in the Vierendeel, so that we can balance all the panels by balancing each indi- 
vidual panel separately. In doing so we have in fact imposed on each panel a 
special displacement of the type proposed in figures (i-d), or (2-a). 

In the case when an influence line is to be drawn, or when some temperature 
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ine 
c 
M* 
k, +k, 1 
(1-c)k, 
M, = - M* . ——— = - €,, M* 
2 k, +k, 2 
ck, (6) 
M, = - M* = - M* 
3 k, +k, 3 
(1-c)k, 
| where: ck, 
1 k, +k, 
(1-c)k, 
€ 
2 k, +k, 
(7) 
€ =. 4 
3 k, +k, 
4 k, +k, 
| = 


effects are to be studied or so, no reactions are set up at the supports, yet 
special moments must be applied in some manner as will be seen later. In 
such cases Q'= o in all panels; and the unbalanced moment to start with in any 
panel equals the sum of the moments initially imposed in the chords of the 
panel, if any. 

Now that condition (a) is satisfied for all panels, we proceed to condition (b) 
for the joints. Each joint is ailowed to rotate while all other joints are kept 
fixed until the unbalanced joint moment is distributed among the near ends of 
the two chords and vertical framing into the joint according to their stiffness 
values k. Moments equal to half the distributed moments are carried over to 
the far ends of the members. 

As a result of these joint rotations, moments are produced in the verticals, 
and this in turn gives rise to horizontal forces H in the panels originally taken 
equal to zero. In addition to this, the chord moments are changed by the dis- 
tributed and carry-over moments developed by the joint rotations. The result 
in that condition (a) for the panel equilibrium is no longer maintained, and it 
needs readjustment. The new unbalanced moment in each panel will be. 


M* = - Hb 


Where Mc and H' are chord moments and the horizontal force produced by 
the previous step of joint rotations. This moment is distributed among the 
chords according to the chord balancing coefficients €. This is followed by 
distributing the unbalanced moments at the joints. The process continues to 
the required degree of accuracy. It will be seen from the examples shown 
hereafter that the convergence of the method is remarkable. 


Part I. APPLICATIONS 


The method is now to be applied for the analysis of the Vierendeel truss 
shown in figure (4.a). The same truss was dealt with before by the author us- 
ing the method of “Equivalent Elastic Panels.”3 It is interesting to compare 
both results and see the remarkable agreement. 

The dimensions and relative stiffness values k = i for all Vierendeel 
members are given in the figure. EI for the top chord members equals 3EI 
for the bottom chord and vertical members. El is any arbitrary value taken 
equal to i EI of the bottom chord or 4 EI of the top chord. In fig. (4.b), half 
the values of the distribution factors due to joint rotations are shown. These 
in fact are the carry over factors for the moments developed at the far ends 
of the members. To save time and space the distributed moments at the 
joints produced by the joint rotations are not computed. Only the carry over 
moments are entered in the tabulated solutions given hereafter. In the final 
step however, the total unbalanced moment at each joint is distributed among 
the members framing into the joint. 

The balancing coefficients for the panels are also shown in figure (4.c). The 
value c giving the position of the centre of area for each panel is first 


3. “Mathematical Analysis of Continuous Arches and Frames Using the Prin- 
ciples of Un-loaded Elastic Models” by A. F. Diwan. Thesis presented 
for the degree of Ph.d. at the University of London. 1948. 
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determined from equation (5); then coefficients € are computed from eqns. (7). 


2h, + h2 


3th, +h) 

For the first panel; 
h, = 1.25 hy = 2.28, k 
2(1.2)+ 2.28 


3(1.2 + 2.28 = 0.448. 


From eqns. 7; 


= 2.82 ,k, = 1.0 


1 2 


= 0.448 (; 2.62 0.330 


= 


2.28 


1 


1 


0.408 
0.117 


= 0.552 G 0.145 


72.28) = 


. B.M.D. due to a load P = 7000 lb at L. 


Table (i) shows the necessary computations for the analysis of the Vieren- 
deel under a load P = 7000 lb. at joint L. In the initial position, with no mo- 
ments yet produced, the unbalanced moment in each panel equals Q.S. 

' This equals - 2000 x 3 = - 6000 lb. ft in the five panels to the right and 

5000 x 3 = 15000 lb. ft in the two panels to the left. The unbalanced moments 
are distributed and entered in line (1) in the table. Next the joints are bal- 
anced, and the carry over moments are entered in line (2). For joint B for 
example; the unbalanced moment is - (4950 + 5850) = - 10800 lb. ft. The carry 
over moment produced at end €of chord BC will be equal to 0.206 (10800) = 
2225 lb. ft. Needless to say that the distributed moment produced in end B of 
BC attached to joint B is twice the carry over moment; i.e. 4450 lb. ft. 

In step (3) the panels are balanced again. Consider the first panel ABJK. 
The unbalanced moment due to the carry over moments only in step (2) will be: 


H = (780 + 1440) + 1.2 = 1850 lb. 
= Mc = (2160 + 1625 + 570 + 310) = 4665 Ib. ft. 
.’. M* = 4665 - 1850 (1.08) = 2668 Ib. ft. 


The total unbalanced moment in the panel is actually three times this mo- 
ment, since the distributed moments not tabulated in step (2) are double the 
shown carry over moments. Therefore; the total unbalanced moment in the 
first panel will be: 


M* = 3 x 2668 = 8004 Ib. ft. 
For the second panel BCKL; the carry over moments give: 


H = 1850 + (745 + 1020) + 2.28 = 2630 lb. 
2 Me = (600 + 2225 + 177 + 570) = 3572 Ib. ft. 


The unbalanced moment will be: 
M* = 3 [3572 - 0.72 (2630)] = 5000 lb. ft. 
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1190 -1530 


Table (1). Moment Corputations For a Single 


Load P = 7000 lbs. atL. 


This is distributed between the chords according to the balancing coeffi- 
cients; for example; 


m°° = - 0.39 (5000) = - 1950 Ib. ft. 


m° = - 0.354 (5000) = - 1770 Ib. ft. 
These moments are entered in line 3. 


As we proceed towards the centre panel, “b” decreases and the term (b.H) 
diminishes, For the central panel DEMN the unbalanced moment equals three 
times the sum of the carry over moments.4 


J, Notice that the sum of the shears in all verticals at this stage will not be 
zero. Some sort of support capable of giving a horizontal reaction only may 
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S| 635 512 68 = 62) 1|1370 152Q | 1970 
8 46 150 160] 50 156 155/=- 462 - 16 94 |= 426 
7] 240 195] 204 185}  |1000 S60) | 1266 
- 34 13 12]-12 13]- 336 - 175+ 283 
31 25] | 240 | 710 . | 862 
7 46 118 - 2& 226 - 121+ 199 
il 9 190 $4175] | 462 463) | 594 
- ig - 83 19/= 21k 150 - 133 
20 23} | 140 | 320 _ 96_ 
- lle = 2-5 55 14 121 - 90 
. lg 96 | 237 227) | 266 
- lle 2-8 37 - 16 38h 61 
a 16 13 68 + 62 195 167 192 
18] 3848 | 3782 5127/2408] 5285 6O0]-207] -603 -6400}1923 |-64357 
-1755|- -2010 -183¢ $770 740 750 
1440 570 310}1020 370] -206 290 296 
- 935| 670 =610| | 544 5235) | 920 
78 = 122] 79 15 274 [= 145 
_ |=. 225 - lee 23 21 _| 463 _ 445) 
142 38 30 Su 54] -104 Sob 144]- 
70 61] | 336 422 
10 9 13 6l- 46 - 72 - 46 
82 75) 240 2350 _ | 294 
iz 3 28 53 - 26]- 50 
3 66 _ GO| | 162 155 _196 
-2 - 2l- B- 21 - 35 34 
1 | 46 44 107, ||: asa 
-1 |- Ole W-14 23 - 14]= 36 22 
33. 30 60 76) 96 
e| -1 |- Ole = 3 17 - 23 17 
4 4 @3 21 65 63 64 
J K L M 


1 
2 
3 
4 
5 
6 
7 


- 685 890 > 163/- 407 18 
Table (1) (continued. ) 


Next the unbalanced moments at the joints are distributed and the carry 
over moments entered in line 4, followed in line 5 by the moments necessary 
to re-establish the panel equilibrium. 

Finally in line 18, we enter the total distributed moments at the joints. For 
joint B say, the sum of the moments in lines 1 to 17 is 12820 lb. ft., to be dis- 
tributed to BA, BC and BK in the ratios - .40, - 0.412 and - .188 respectively. 


be assumed to exist at joint D to maintain the equilibrium of the top chord 
against the unbalanced horizontal force H. In any panel, H by definition is 
the horizontal force acting at the top joint of the shorter side. This will 
not be affected by the reaction of this support. As we proceed with the re- 
laxation process, the reaction set up by the artificial support will gradually 
diminish, and should finally disappear at last. 
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The final moments are obtained by summation, and are given in table 2 for 
comparison with those previously obtained by the method of “Equivalent Elas- 
tic,”5 which is refered to in the table by the exact method. The agree- 
ment of both results is indeed remarkable. The final B.M.D. is also shown in 
figure. (5). 


Table 2 : Final Moments (1b.ft.) For P = 7000 1b at L; 


Relaxation| Exact Reigx. | Exact Reign. 
metiod | me thed | method| ve thod | metitos 
| BD 
i) 


-4210 | -4340 


6. Direct Evaluation of Influence Lines. 


According to the Muler Bruslau’s principle, the influence line for moment, 
thrust or shear at any section is the deflection line of the loaded chord pro- 
duced by a unit relative rotation, axial translation or unit relative translation 
normal to the axis, imposed at that section. To impose such a relative dis- 
placement the Vierendeel is cut at that section until the required displacement 
is produced, after which full continuity is re-established at the section. 

Since the Vierendeel is externally statically determinate, no reactions are 
produced at the supports due to the imposed relative displacement. All joints 
of the Vierendeel are initially kept fixed against rotation (and if possible 
against translation also) when the relative displacement is being imposed. The 
following two examples will illustrate the application of the method. 


6-A. Influence line for the moment mod, 


While all joints are kept fixed, a unit rotation is produced in endC of the 
chord CD. Figure (6) shows the Vierendeel with the deflected member CD 
only and the resulting bending moment diagram. 

4k. = 4k = 4 (2.98) = 11.92 = unity? 


m°° = 2k = 2k = 2 (2.98) = 5.96 


These moments are entered in table (3); line (1). No moments are yet pro- 
duced any where in the Vierendeel since no reactions are set up at the end 
supports. Only panel CDLM is now unbalanced; and the unbalanced moment is: 


= 11.92 + 5.96 = 17.88 


This moment is distributed according to the coefficients € and the balancing 
moments are entered in line 2. In line 3 are the carry over moments and in 
line 4 the new balancing moments in the panels. Finally in line 15 we have the 
total distributed moment at each joint. 


5. Thesis for Ph.D. London University. A. Diwan. 1948. 
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Exuct 
pa |-1240 |-1208 | 531| 572 |-1545 |-1532 822| 
Be |-1950 | -1980 | FE| 1635 | 1676 [KL |-1245 |-1231 | on | 1120| 1154 
cB | rc) 975 | 266 |x |-1674 |-1695 | oP| 595| 592 | 
cp |+4470 | 4580 | GP| 1515 | 1500 | 1868 |#1911 | 965| 961 
DC 1222 1266 GH 200 218 ML 1070 1077 Pa 555 537 
pe | 1400 | 1446 | HG| 1635 | 1633 | 1294 | 1329 | @P| 1122/ 1125 


For convenience, all moments in table (3) are multiplied by 1000. The 
final moments are given in table (4) and may be compared with these obtained 
by the method of “Equivalent Elastic Panels”. The influence line is shown in 
figure (7). 


6-B. Influence Line for the Thrust in Chord LM. 


We need to produce a unit relative axial translation in chord LM. Two pos- 
sible ways for producing this displacement are shown in figure (8). In case (a) 
joints J, K and L are all translated to the left through the same distance with- 
out rotation. 

In case (b), the 4 panels to the right are rotated as a rigid body through an 
angle = - # about joint D and the two panels to the left are rotated through an 
angle - § about joint C. 


1 
8 1 + 6.36 = 0,157. 


The same rotations 9 and - # are also imposed on the ends L and M respec- 
tively of chord LM which is supposed to be detached from the Vierendeel dur- 
ing the panel rotations about C and D. Of course it is supposed that after the 
relative translation is imposed, chord LM is reconnected rigidly to the Vieren- 
deel. (by some rigid arms.) The bending moments produced in the chords CD 
and LM due to the translation in case (b) are as shown in the figure, in which; 


me? = 2(2.98) (0.157) = 0.940 


lm 1 


=-M" =2kof = 2(0.157) = 0.314 

No moments are produced anywhere else in the Vierendeel. 

It is not necessary that the imposed rotations at C and D should be equal 
and opposite, yet it is more convenient to do so since this would make panel 
CDLM balanced under the initial set of moments. 

Type (b) for the imposed displacement is more favourable than type (a) and 
is used in the tabulated computations given hereafter (table 5). 

The initial moments are entered in line 1. All panels, including CDLM, are 
balanced. So we proceed to evaluate the carry over moments in line 2, then 
the balancing moments in line 3, and finally the total distributed moments in 
line 20. 

Table (6) shows the final moments, obtained by both relaxation and exact 
method of “Equivalent Elastic Panels.”® The influence line is shown in 
figure (9). 


7. Rise of Temperature in Bottom Chord. 


This is equivalent to a relative axial translation 6 similar to that in fig- 
ure (8) in the bottom chords of all the panels in the Vierendeel; such that 
6 =ats. 

The computations shown in table 7 corresponding to these imposed transla- 
tions are similar to those in the previous problem, table 5. 

The Vierendeel is symmetrical, and the computations correspond to the 


6. Thesis for Ph.D. London University 1948 by A. F. Diwan. 
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Table (3). Influence Line For ii 
Moments produced due to unit relative rotation in 


All moments are mitiplied by 1000/E1, 


left half of the Vierendeel only. The displacement ats taken in the computa- 


4 
tions equals (10) ° 


Elo 
The final moments are given in table (8), and are shown in fig (10). 


CONCLUSION 


The method just outlined is applicable to the case when the cross section 
of the members vary between the joints. The same type of special panel dis- 
placement is adopted, but both carry-over factors and balancing coefficients 
for the panel moments will be different, yet, they can be easily evaluated. 

The rest of the computations will be unchanged. 
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| 
cD. 
-6580 
13& -1110 
4 Le 608 _733 246 237 ~- 578 
33 - 314 54.9 240 - 
6 60 48.5 149 405 179 -283.5 
10 SO |me7.5|- 173 10 10 84 - 3 
FS) 62.5 _50.5 216 127 73 710 - 166 
9.0l=- 7e0 7.5 3.5] 51.5 4 29 
30.5 93.5 24 23 - 95. 
Ved 3.5 bed 11 - Bed 33 = baad 34 17 
1.3 6.5 [= 1@ - 1.3] 0.3 18 - i4] 0.4] 11.5 
6.0 18 16.3 - B- 7 
15+-127.5]-143.5 61.5 291 63.5 -3590 J-1175]-3470 1125] 338] 11350 
1 0.00 0.00 
| 2290 -2200] 
382 - 373| 378 383 40.5 
4 254 82.5 - 
5 102 57 53 - 57] 32 
6 | 22.5 17.0 135 140 60 57] |-9%.5 
7 -26.5/= 21 11.5 4.7 10 =- 60] 9.5 10] 25] 24.5 
- 19 16.5 - 3.4 -16.5 26 - 4.5 = Sed 15-5 
10 6.5 3.0 1.0 6.5 0.6 1.0 &.0 
15 135.5] 2.0 19.5 
35.58 = 3-5 1.4 = 0.6 0.3 = 3eD 0.4 0.3 4.0 
3.5 2.8 6.2 5-5 - 2.5 -2e25 13.0 
15} 1 01 415 -297 |- 386 297 669] 669] 669 664] 602] 664 
J K L 


lo 
AH 


en 


Table 4 +: Chord moments due to a Relative 
1000 cd 
Rotation = “yy-— in CD (I.L. for m°4) 


LE x 
e4] 22 
51.5 8 
27 7 16.5] 1.6] 1.0 6.0] 0.4 [-0.3 1.0 | 005 
258.5 -35.5| | -9.0 - 10 “1.0 
18 4 0.9 Ve 1.0 Vcd 
“30.5 ~24.5 -7.8 “1.0 -1.2 
384] 114] soe 34.8]11.7| 34 9.5] 4,3 | 9.2 -0.7 |-0.6 | 15 
1 
are 2 
376 3 
925 965 24.5|- 1.7 9.5 7 
409 0.2 8e5 2.3 -l.z 0.2 0.9 -1.z 
751.5 -16.8 -16.5 |- -3.0] |-0.2 -0.3_ 
0.6 1.6 7.0 2.0 0.3 1.6 0.5 0.2 0.3 -U.2 
0.4] Se5| 0.9 4.0] 1.9] 0.9] 065 0.2 
-12.6 8.0 bead 6.5 -2.7/ -0.4 -0.5 
26.5] 24] 26.3 25.6] 25.8] 25.8 -0.8]-1.00]-0.8 0.6] 1.6 | 15 
N P R 
Reiarotion [Exact | Exact | kelox. | Exact | | Relox. | Exact 
metiiod . method | mermeod | method | method | method | method | method. 
| 
79 | | -290 = - 40/- 39.3] NM! -36.7 | -56 
BA 147.5 EF 156 149 - 224/- 223 NO | -42.3 : 
BC 19.5 - 32.7| - 42 596] 603 | -52 
cB | -1870 |-1860] Fe 9.0] 10 1032] 1038 15.0] 13.0 
cp | 2712 | - 14 -1116]-1116 0.7|- 3.0 
DC | - 734 730) GH 6.2 7 ja -1038/ -1032 | PR -1.6/- 1.2 
DE 94 - - 270} 260 
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Table (5) 


1753 | 1586 


Influence Line for Thrust in Lh. 

(bioments produced by a unit relative axial translation 
in Lm). 4 

(All moments are aultiplied by 10 /¢1). 


‘ 
A B D 
2 @1Su5 2050 -20350] 490 
3 2440 267 - 210 -2 -2925 
4 -190 - | -96.5] 645 - 196]/- 116] 1015 - 660] 158 
3 525 _260 1370 12465 - 320 - 309] J-1627 
6l-14.7] ‘Ol = 344 = la2l- 20] 535 - 352 6U 160 
7 234 190 572 320 - 309 961. 
0.9) 62 22/- 121 = 65] 6.0] 300 - 124 33] 140 
114 205 272 - 262| 59) 
- 24 16/- 33 25 175 = 34 21] 102 
49 40]; S348 - 208 200| - 3/6 
ol- 6 6 9} «(106 fe) 15 71 
9 0.5] 6.5 65 9 10 468 
22 298 - 105 -102} 158 
“1.3 fe) 11 3 5 4 7 33 
“2.4 2 22 20] 75 72.5] |= 104 
Ue? 3 -0.5 1 9.5 3 3-5 2 10 5 23 ‘~ 
ie 4 -16.5 17 51 49 - 69 
20 “166 <-623]- 3e8]- 846 -6576 |}-2266|-6724 8671 | 2591] &709 
5140 =-5140] 
- 523 690] 540 = 523] 612 
____.| 2010 _920 279 - 
-7305 - |- 89|- 117 -73.5 262] 163 117] 303 75 
215 92.5} | 470 4350 107 104 345 
515|= 54 - 20 = S4 66 
aa _83 67 197 180 - 107 104 = 
-12.5|- 0.6/-11.5 1o - 11 23 10 52 34 
17.5 _14 18 17 - 70 = 67 - 126 
6e2l= 407 5 D 17 9 32] 22.5 
1.6 0.6] 6.5 - 1.5 11.5 6.5 }19.5] 14.5 
_1.0 0.7 7.5 - 35 - 34 -52.5 
= 0.9 -0.7 -7.5 7 - 25 = 24] [34.5 
- -1.2 6-5 = 6 - 17 - 16 23 
20 J-11.3 465 =340]= 445]/= 340 -1234 +1236 |-123¢ 1753 
-4--3 K L K q 
i 
| 
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Table (5) 


nen nr F G H 1 
2060 2 
1020 168 
936 66 25 180] 24 6 
961] - 509 520] - 33 7 
S00] 47 36 6.5 2 35 2.0 
+176] 31 37 102 | 6.7 3.7 36 | 292 3.6 
lus] 30 6.0 4.5 29.5] 2.4 
13 23 46] 468 2200 led Ued 420 0.1 
_- 37 100 - 33 36 |= 5.4 
42] go 16 35] 3.0 30d 16] 1.5 0.7 3.3 
_= 104 66 - &9 24 26] |= 405 
271 5.5 Tk 6926615 25 2.5 
- 45 ~46.9 17 le. 3-9 -+.@ 
1601] 478] 1600 372 | 126 | 364 44-5] 20] 43.4 726 [| 6-6 20 
1 
340 2 
975] ai 3 
163] 56 75 4 
543 - 97 --100] | 5 
G6] 54 j 721 6.2 4 6 
36| 42 6 6.5] 0.9 
- 197 = fete «27,67 Fab sha 
23} 30 7 34 113.5 1.7 Le? | Oct 
_= 126 - 65 67 17 _-16-5|] |%|J-1.9  <-2.3 
17/21 6 22.57 i060 2 6] 2.0 1.8 
_ 4525 48 = 714.5 15 j-2.1 “2.5 
11.5/14.5 5 14.5 1.5 2.0 1.4 | 08 
8 10 Ded 1.0 305 1-5 0 1.0 0.6 
- 23 - 15 -15.5 - 6 ~ 6.5 “1.0 
N 0 P gj. 
(Conte) 
560-15 


Moments Produced by a Relative 4 
Axial Translation § = 


E], 
Remm. | Exact Reixation| Exact 
| Metnod | Mermod Metiod. 
84 


Table 7. Moments Broduce by a Relative Rise 
of temperature in Bottom chard (ots 


4924|1710 5043 


14 875 $5 5 1430 | 1594 


Table ( 6 ) 
Rererotion | Reizaation Excel 
| Methas | Metod | Metnoe 
% 
AB 15 151]ED| -1120| -1149 JI 
BA} = 314] - 313/EF 384 384 | KJ] - 132| 132 NO 146 132 
BC 925} - 301| 317 782] 771] 0N| - 128 | - 142 
CB] -2395| -2376)FG 139} 1210 Lk} 156] 0P} 4 
cD 5300] S250]GF] -46.5| - 57 2200/2205] PO0| -38.8}- 45 
DC | -5620) -S760]}GH] 16.5 20 -2560) 2565 | PR 7.4 
DE 2440| 23761HG| - 7] = 9 315) -316 - 4:1] - 5.4 
EI, 
A B Cc D 
16200 -16200 11000 -11000 9400 -9400 8940 
=2052] 1040 = 4290/3668 342 1070] 10 95 350 6 ¢ 
-1840 - 1490 5900 = 5350} }2460 <-2360/ | — 
1485] 1990 7751545 | 1380 2050] 3744 430 1410] 430 
5 _|-_2240 1810] 2860 - 2600} }1850 -1760 
- 6 394 330/-43 332 406] 84] 146 340] 30b 146 
: - 402 - 326] 1130 - 1030 770 = 740 - | 
166 300 28] 54 245 308] 65) 112 250] 24+ 112 
325 =- 265} 590 = 5352 = 400 
17 105 = 37] O 94 108s} 52 96 52 
- 108 - 88] 264 2356 195 - 
25 59 = 4] 7 51 61] 1 29 52 4+ 29 
- 60 - 50 130 .117 76 = 73 
14] -6863]- 7773 8210] 388 8470 1800] 537] 1603 
i 
1 5750 = 5750 3790 - 3790 3140 -3140 2980 
2] -3810 296 622] 46q 107 296 28 107| 26 
635 528 2000 = 1850 840 800 
41 670 406 600] 935] 374 406 | 120 374 |135 |- 120 
5 800 = 645] 980 -  ¢00 610 = 530 ~ 
- 43 = 40] 138% =) 646341116) 55 
- 143 115] 390 354] 296 = 246 
25 42 6t| 140 x5 22] coal 26 fed 26 
- 116 - 202 - 159 - 132 
- 3&3 7 2& 7 26} 7 
« 90 = 63 65 - 62; — 
- 5 10] 2a 18 5] le 4 Gl- 4 
- 2 - 45 - 41] 2 24) | 
4 5.0 1376 2376] 1376 436|395| 456 
J K L ii 
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Table (8): Moments Produced by a Rise of Temperature 
ats = i in Bottom Chord 


Elo 


method metuod | mzHios me Hira - 


-10615 | -10250} Li 


9BRO 
4519 4270 
-5030 


2080 


ia 
AB| +7340 7340 pc -0200 
BA|-15870 |-16060 DE | Lu | 2804 2940 
BC} 11040 11100 Ji bL | -3800 
CBj-11940 |-12130- iJ wN S197 5200 
cD 9535 9800 KL - - - 
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Dimensions 
and relalive 
stiffness k 
k. 

il, 


(i.b) 
Relotive translation 
of side CD with 


Special 


ponel displacement 


Translolion of 
Joint C 
enlarged. 


A 
| ” | ( e) 
| | 
hy 
B 
“| 
7 
no _joial tion . 4 
7 a 
4M 
4”, iff 
Cc | (i-c) G/ 
Rototion 5/3 S +6aks(2-) 
A at joints C and ~~ 
\/ D. at, (9) 
ob 
Fig. (4) - Special Panel 
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Special Disph t Imposed 


Pane! 
Cen roid 


2h 
3(h+h,) 


M 


(2- b) 
Induced Moments €,= CK, + (k,+ke) 
€2 = (i-c)k, + (K,+ ka) 


and Bolaneing Cdficients : 
€s= = (k, 


€4« = (k,+kp) 


( Fig. 2\ Specio/ Panel Displacement 
and Balancing Cot 


le, 
/ 
! 
4. 
x= | 
Ke 
L A 
(1) > 
H 
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Fig. (3). 


Static Equilibrium 
Of Panel ABCD. 
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Modified Shear 


at, 


Modified Shear: 
a’. at. Po. 


M, 
| 
a | (3. a) | 
+0? 
| al A 
M2 
ie 
a | (3.b) | 
Ma 
B | 
| 
Ss 
+@? | 
} 


Dimensions € Relalwe 
Shiffnesses. 


167” “172 172 .172 “167-167 
(4-b) Carry- over factors 


For Moments. 


ie 
492 | 0.50 | 0.50 0.492 | 
(4.c) Centroids Balancing 
Co#fficients. 


Figure (A). 
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3.08 
8 7 ¢ 
A ~ 
H 
Kehoe 
| 
16 1-2/8 218 -27 
206 
26 
| 
| | | | hi 
j | 3975 | . 575 
330 | -390 
C. valves | 
7 
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BMD due to a drop of 
Temp. in bottom chord 
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38 gg 38 ala 
"TR Sooo lb i P. 7000 | | R=2000 | /b | 
Frg. (5) B.M.D for Ps Jooo Ib of L | 
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El, 
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Fig. (6). Initial Relolwe Rotation ¢ 
in CD; (For Lt. for 


TYPE . Translolion of 
withovt ony rototion - 


Rotolions ¢€ -¢ about 


Fig. (8) Types of Relolive Axio! Translation 
in (for IL for thrust in 
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Fig. (9). Influence 
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PROCEEDINGS- SEPARATES 


The technical papers published in the past year are presented below. Technical-division sponsorship is indicated by an 
abbreviation at the end of each Separate Number, the symbols referring to: Air Transport (AT), City Planning (CP), Con- 
struction (CO), Engineering Mechanics (EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), 
Sanitary Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Water- 
ways (WW) divisions, For titles and order coupons, refer to the appropriate issue of “Civil Engineering” or write for a 
cumulative price list. 


VOLUME 79 (1953) 


DECEMBER: 359(AT), 360(SM), 361(HY), 362(HY), 363(SM), 364(HY), 365(HY), 366(HY), 367(SU)°, 368(WW)°, 369(IR), 
370(AT)©, 371(SM)°, 372(CO)°, 373(ST)°, 374(EM)°, 375(EM), 376(EM), 377(SA)°, 378(PO)°. 


VOLUME 80 (1954) 


JANUARY: 379(SM)°, 380(HY), 381(HY), 382(HY), 383(HY), 384(HY)°, 385(SM), 386(SM), 387(EM), 388(SA), 389(SU)°, 390(HY), 
391(IR)©, 392(SA), 393(SU), 394(AT), 395(SA)°, 396(EM)°, 397(ST)°. 


FEBRUARY: 398(IR)4, 399(SA)4, 400(CO)4, 401(SM)°, 402(AT)4, 403(AT)4, 404(IR) 4, 405(PO)4, 406(AT)4, 407(sU)4, 408(sU)4, 
409(ww)4, 410(AT)4, 411(8A)4, 412(PO)4, 413(HY)4, 


MARCH: 414(ww)4, 415(sU)4, 416(sM)%, 417(sM)4, 418(AT)4, 419(SA)4, 420(SA)4, 421(AT)4, 422(SA)4, 423(CP)4, 424(AT)4, 
425(SM)4, 426(IR)4, 427(ww)4. 


APRIL: 428(HY)°, 429(EM)°, 430(ST), 431(HY), 432(HY), 433(HY), 434(ST). 
MAY: 435(SM), 436(CP)°, 437(HY)°, 438(HY), 439(HY), 440(ST), 441(ST), 442(SA), 443(SA). 


JUNE: 444(SM)®, 445(SM)®, 446(ST)®, 447(ST)®, 448(ST)®, 449(ST)®, 450(ST)®, 451(ST)®, 452(SA)®, 453(SA)®, 454(SA)®, 
455(SA)®, 456(SM)®. 


JULY: 457(AT), 458(AT), 459(AT)©, 460(IR), 461(IR), 462(IR), 463(IR)©, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 475(SM), 476(SM), 477(SM), 
478(SM)°, 479(HY)°, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)°, 492(SA), 493(SA), 494(SA), 
495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 502(WW), 503(WW), 504(WW)°, 505(CO), 506(CO)°, 
507(CP), 508(CP), 509(CP), 510(CP), 511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 521(IR), 522(IR)°, 523(AT)°, 
524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 530(EM)°, 531(EM), 532(EM)°, 533(PO). 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 543(ST), 544(ST), 545(SA), 
546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), 553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), 567(HY), 568(HY)°, 569(SM), 
570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(Index). 


c. Discussion of several papers, grouped by Divisions. 
d. Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 
e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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